This article provides evidence regarding differences in the performance on academic tests in secondary school between students who had attended preschool and those who had not. A non-parametric method based on the generation of counterfactuals to decompose gaps between observable and unobservable factors is used to analyse data gathered by the Programme for International Student Assessment (pisa) between 2009 and 2012 for a number of Latin American countries. This analysis reveals the existence of socioeconomic segregation in terms of access; considerable score differentials (conditional on the controls used), which increase in line with the length of time spent in early childhood education; and significant differences across countries with regard to those differentials, which also tend to be greater in the case of reading test scores than in mathematics test scores.
The delivery of comprehensive care during early childhood, which is recognized as one of the rights of the child and as a social investment of key importance, is now promoted by a wide range of international agencies, agreements and standards. The commitments assumed by signatories of the World Declaration on Education for All, which was adopted in Jomtien in 1990, and the formulation of the Education for All Goals in Dakar in 2000 reflect the existence of a consensus regarding the importance of education during the early years of life. This stage is considered to be crucial for the physical, mental and emotional development of individuals (eclac, 2008; siteal, 2010) , and ensuring that all children receive quality care is therefore essential for social justice. A variety of disciplines have highlighted the positive impact that the cognitive and non-cognitive skills acquired in preschool have on people's educational performance in later years (Ministry of Education of Brazil, 2013) . According to Heckman (2000) , these effects translate into high rates of return on investments in early education. Likewise, interventions during childhood would result in future resource savings in social policy, as well as facilitate women's integration into the workforce and foster economic and social development globally.
arly education is closely linked to social equity because of its intrinsic and instrumental value. 1 Inequality in access to early education constitutes a violation of the rights of the child, especially in settings marked by a high degree of heterogeneity. It is also a source of future inequity, given its repercussions on a wide array of social and economic outcomes.
The differences in socioeconomic, cultural and institutional contexts between and within countries translate into very different conditions in terms of the supply and demand for preschool education in Latin America. In addition, it is not at all clear to what extent inequalities in access may undermine equality of educational opportunities over a person's lifetime, since, at the regional level, the empirical literature on the influence exerted by early education on later learning is quite scant.
This article aims to illustrate the degree of equity in access to preschool education and to evaluate the way in which this affects academic achievement in the medium term. Our empirical strategy involves quantifying the performance differentials at the secondary levelconditional on a series of control variables-between students who attended preschool and those who did not. The objective is not only to gauge the size of these differentials in the Latin American countries but also to compare them.
Achievement levels are measured using students' scores on the tests administered by the Programme for International Student Assessment (pisa) of the Organization for Economic Cooperation and Development (oecd) . This information is drawn from the 2009 and 2012 rounds for the seven Latin American countries that participated in both series of examinations: Argentina, Brazil, Chile, Colombia, Mexico, Peru and Uruguay. 2 In order to identify the benefits of preschool attendance, a non-parametric method developed by Ñopo (2008) is used to compare groups of students who have quite similar personal and contextual characteristics. This method allows us to estimate the performance gap -the average score differential in each domain-between students who attended preschool and students who did not and then to decompose the relevant observable and unobservable factors. This makes it possible to determine how much of the "gross" gap can be attributed to the effect of other variables associated with access to early education and to variables associated with performance on academic examinations and then, on that basis, to calculate the "net" gap (i.e., the extent of the gap that is not associated with the influence of those factors). This type of decomposition offers the advantage, over the traditional Blinder-Oaxaca decomposition, of avoiding any bias that could be conveyed by differences in the supports for the distributions of the characteristics of the two groups.
The analysis indicates that sizeable performance gaps do indeed exist, even after controlling for a comprehensive set of factors associated with the students' family and school environments. In other words, the results suggest that early education generates a significant differential in the educational achievement of 15-year-olds. The data also indicate that spending more time in preschool yields greater future benefits. The study is structured as follows. Following this Introduction, section II provides a description of the current situation and recent trends in early education coverage in Latin America. Section III offers an overview of the available information regarding the impact of preschool attendance on subsequent educational performance. The methodology used in this study is discussed in section IV. Section V describes the data and selected variables. Section VI outlines the study findings and lastly, section VII details the conclusions that have been reached.
II

Preschool attendance in Latin America: goals and inroads
The Educational Goals for 2021, which were adopted by the Ibero-American Conference on Education and reaffirmed in 2010, include ambitious objectives relating to early education, thus reflecting the political importance that the issue has taken on in recent years in the region. As noted by Margarita Poggi (siteal, 2013), however, interest in this subject has been growing over the course of several decades.
Historically, the delivery of childcare services was irregular and primarily channelled through private, welfare-based programmes. Then, in the 1960s and 1970s, these services began to be regulated, and greater efforts were made by the State to expand childcare services while placing greater emphasis on their pedagogic aspects (Diker, 2003) . The implementation of ongoing comprehensive programmes during that period paved the way for considerable progress in expanding access to such services, responding in part to demand pressure generated by women's entry into the labour market.
It was not until the 1990s, however, that the universalization of at least the final year of preschool spread as a goal throughout Latin America (Albergucci, 2006) , which increased the supply of early childhood services and preschool enrolment significantly. In general, school attendance is now mandatory from the age of 5 onward -as is the case in Colombia, for examplealthough in some countries mandatory attendance begins at the age of 4 (Argentina, Uruguay and Brazil) or even at the age of 3 (Mexico and Peru). In Chile, on the other hand, attendance is not compulsory until children begin first grade (siteal, 2009) . Generally speaking, the laws on compulsory education continue to focus on the age groups immediately preceding entry into the primary education cycle, thereby leaving aside the child population between the ages of 0 and 3 (Ministry of Education of Brazil, 2013).
These initiatives have fostered a steady increase in educational coverage for children between the ages of 3 and 5. According to information drawn from the Socio-Economic Database for Latin America and the Caribbean (sedlac), in the early years of this decade, approximately 70% of children in this age group were attending school in the seven countries covered by this study, with a somewhat lower figure being recorded for Colombia (52%). In the past 20 years, an increase in attendance of nearly 10% has been achieved in Mexico, for example, but the expansion has been greater than 100% in countries such as Argentina and Chile.
The existence of a diverse array of formal and informal programmes and the lack of sufficient information have interfered with efforts to implement policies designed to improve the quality of preschool education. It is often the case that the conditions under which initiatives are developed in terms of physical, human and pedagogical resources result in limited and poorly targeted outcomes (Cordero, 2004; siteal, 2009) . In fact, the evidence points to a failure to attract highly qualified human capital to this sector, largely because of the low wages received by preschool teachers (Mizala and Ñopo, 2012) .
Sharp differences in access continue to be linked to socioeconomic status and area of residence in the region. During both periods, the cultural capital of the students' families, measured in terms of the learning environment in the home, was of pivotal importance in determining school enrolment. While significant inroads have been made since the start of this century, large attendance differentials associated with the educational level of household members continue to exist, and this is especially true in Argentina, Colombia and Peru. A similar, if somewhat less marked, trend is observed in relation to per capita household income, showing Brazil with the largest gaps.
Place of residence has historically been a significant factor, since 5-year-olds in rural areas tend to have lower school attendance rates. This is mainly due to the more limited supply of educational services in many rural areas, although socioeconomic and cultural factors also come into play. Coverage has certainly improved in rural areas during the period under study, but access continues to be more limited in rural zones, especially in the cases of Colombia, Peru and Brazil.
There does not appear to be a gender bias in preschool attendance, as the differentials between boys and girls are quite small, with the rates for girls being slightly higher in some cases and the rates for boys being slightly higher in others.
In sum, the expansion of early education coverage in recent decades has been driven mainly by the introduction of new laws in Latin America, yet the persistence of segregation in terms of access shows that the impacts of legislative initiatives and policy commitments are constrained by existing social and economic inequalities. As things now stand, there are three major challenges to be met: (i) incorporating younger children (those between 0 and 4 years of age) into early education; (ii) raising attendance rates among children in vulnerable social sectors and children residing in rural areas, and (iii) improving and assessing the quality of the educational services being offered. 
III
Recent evidence and a survey of the literature
Access to early education is one of a child's fundamental rights, but it is also a means of establishing a first link with the school system. During the first years of life, children develop the main cognitive and non-cognitive skills that will influence their academic performance (Glewwe and Jacoby, 1995; Burchinal and others, 1997; Currie, 2001; Berhman, Cheng and Todd, 2004; Barnett and Lamy, 2006; Cunha and others, 2006; Nores and Barnett, 2010; Skibbe and others, 2011; and Hazarika and Viren, 2013) . The impact of early education may vary in the short and long terms owing to variations in the quality of the corresponding programmes. Ultimately, therefore, the main obstacle to be overcome in analysing the types of effects associated with preschool attendance has to do with the available information on the quality of instruction. 3 An examination of the literature shows that a number of different methodologies analyse the influence exerted by early education. Employing a meta-analysis to synthesize the various studies' findings, Camilli and others (2010) find that early childhood education has an immediate effect equivalent to approximately 0.50 standard deviations in terms of cognitive development, 3 The kind of information needed in order to evaluate the quality of these programmes is generally unavailable in Latin American countries. This is not the case in developed countries such as the United States, where data on programmes such as State Pre-K, Head Start and Preschool Special Education make it possible to track the progress of complete cohorts while controlling for unobservable factors.
which equates with an increase from the thirtieth percentile to the fiftieth percentile on standardized achievement tests. The social and emotional effects were smaller but still significant (0.33 standard deviations). These findings provide support for the argument advanced by Heckman (2000 and , who maintains that the biggest gains in investment in education are realized during the first years of life.
A particularly notable study conducted by Arteaga and others (2014) , who used inverse propensity score weighting to analyse data for a cohort of 1,500 students in the Chicago Longitudinal Study who were enrolled in the 1980s, shows that children who had attended a preschool programme for two years were less likely to require special education assistance and less likely to commit crimes later on in life than those who had attended preschool for just one year. These findings strengthen the evidence on the beneficial long-term effects of preschool attendance for longer periods of time. Magnuson, Ruhm and Waldfogel (2007a and 2007b) use data from the Early Childhood Longitudinal Study to analyse the effect of preschool attendance on children's academic skills. They find that those who attended such programmes had stronger reading and mathematics skills when they started school (0.18-0.12 deviations) -although those effects tended to dissipate during the first year-but that they also had a greater tendency to exhibit behavioural problems that persisted for some time after school entry. These authors do not provide any evidence of causation, however, and their conclusions should therefore be viewed with caution.
IV
Methodology
In this study we use a methodology based on the non-parametric approach devised by Ñopo (2008) . As well as allowing us to quantify the existing gap in terms of the outcome variable (for example, pisa scores), this method yields a decomposition based on the characteristics of the target populations that are being compared. In the absence of an experimental or quasi-experimental design, a methodology based on the generation of counterfactuals reduces possible biases, but the results must be interpreted with caution, since there are observable and unobservable factors (such as the quality of preschool programmes or changes in the faculty) that may influence them. This method reduces the bias generated by unobservables but it does not have 
In addition, given that dF P ( . ) y dF NP ( . ) are by definition null values out of the support, the domain of the integrals extends to S P and S NP . By replacing S NP P n _ i
obtain an expression that can be used to decompose the total gap. The final step is to add and take away the necessary element in order to be able to evaluate the counterfactual, i.e., the score that the student who did not attend preschool would have obtained if he or she had actually done so.
The total expression is therefore: 
Bearing each of these terms in mind, we have:
∆ P is the part of the gap that derives from differences in the characteristics of two groups of students who attended preschool: those who are in and those who the scope that an experimental exercise using a random sample would, and a causal effect, in a strict sense, can therefore not be identified. Unlike propensity score matching systems, this approach matches up individuals based on certain characteristics rather than their scores.
Let Y represent the score obtained by a student on a test as a function of a vector of characteristics X. The expected score for a student, conditional on his or her characteristics and the fact that the student had attended preschool (P), would be given by
, while the expected score for students who had not attended preschool (NP) will be
. Thus, the performance gap between those who attended preschool and those who did not (the score differential) will be given by equation (1):
Assuming that F P ( . ) and FNP( . ) represent the conditional distribution functions of individual characteristics X and that they are functions that extend from vector space R n to R, it is possible to define the probability measure over the support of distribution S in dF P ( . ) and dF NP ( . ) as:
Bearing these two expressions in mind and substituting them in equation (1), we obtain:
The main challenge in obtaining the unbiased score differential stems from the fact that the support of the distributions of the characteristics may be different 4 and therefore they have to be made comparable. To this end, Ñopo (2008) are out of the common support (that is, those whose characteristics can be matched up with those in the NP group and those whose characteristics cannot be matched up). 5 The second term, ∆ x , is the portion of the total gap between those who attended preschool and those who did not that can be explained by differences in the distribution of the characteristics of the population that is in the common support. Formally, this portion will be:
The third term of equation (4), ∆ 0 , is defined over the common support -which contains the students from the two populations that are being comparedand is of the greatest interest for this study. As in the case of a traditional Blinder-Oaxaca decomposition, ∆ 0 (defined in equation (7)), this is the portion of the score differential that cannot be accounted for by differences in the observable characteristics of the students who did and did not attend preschool. In other words, this is the portion of the score differential that remains when the two groups P and NP are compared, taking into account those persons who have very similar values for a series of attributes X, and to which it is therefore possible to attribute the actual effect of having attended preschool, along with any remaining unobservables (level of effort, genetic factors, physical condition, faculty changes, quality of the education received and so forth).
The last term, ∆ NP , accounts for the differences in the characteristics of the two groups of students who did not attend preschool: Those who can be matched up with students who did attend preschool and those who cannot.
5 ∆ p would be zero (0) if all the students who attended preschool could be matched up with students who did not. For further information about this method, see Ñopo (2008) .
Bearing these definitions in mind and rearranging the terms to represent the portion of the gap that is explained by the method and the portion associated with unobservables, the aggregate or gross gap is as follows:
A five-step matching algorithm underlies the empirical procedure used in order to arrive at this decomposition. This algorithm is designed to compare individuals who attended preschool and ones who did not but whose observable characteristics are as alike as possible.
First of all, a student in the comparison group of people who attended preschool (P) and who is taking the pisa exam is selected at random. Then, all the individuals who did not attend preschool but who are similar to the student chosen in the first step, because they share a given characteristic with that student, are selected. The third step is to create a synthetic individual (NP) based on the sample of people who did not attend preschool; this individual has a performance equivalent to the average score obtained by all individuals in that sample on the corresponding pisa test (mathematics or reading). When a student who attended preschool and another who did not do so exhibit similar characteristics, they are matched up. In the final step, this process is repeated for all the other students who attended preschool so that each of them is matched with a synthetic individual for purposes of comparison. This last step is done with replacement, thereby avoiding order-based biases. The matched sample is then used to find the average differential in the expected score and hence the outcome gap.
The main advantage of this methodology over the traditional Blinder-Oaxaca decomposition (Blinder, 1973; Oaxaca, 1973) is that it takes into account the differences in the supports of the distributions of attributes X, thereby avoiding possible biases in the estimation of the gap between the two groups. This estimate is not conditional on a specific functional form, with all the requirements that this imposes on the variables in question.
There is also a drawback to this method, however. On the one hand, a comparison of students who attended preschool and students who did not will be more accurate if the set of variables used in the matching exercise is larger. Yet, on the other hand, if a large number of attributes X are used, then, given the size of the sample, the number of students used to create the synthetic individual will be smaller and the result The pisa test evaluates 15-year-olds who are in grade seven or above. The programme's sample is arrived at using a two-step process: first, a stratified sample of schools is obtained and, then, a group of students in each school is randomly selected. This design ensures that the sample will be representative of the target population in each country, although the coverage will vary. For the participating Latin American countries, the coverage of the sample of students -once it has been weighted appropriately-ranges from 58.5% of the total population of 15-year-olds as of 2009 (Colombia) to 85.2% (Chile) (oecd, 2012 and 2014) . pisa tests in mathematics, science and reading have been administered once every three years since the year 2000, with the primary focus shifting from one to the other of these domains on a rotational basis (with each one being referred to as a "wave"). In addition, supplementary questionnaires are filled out by students and school administrators that supply information about the personal and family situations of the students and about the various schools' characteristics (Adams and Wu, 2002) .
These data can be used to construct the Preschool variable, which signals whether the student: (i) never attended preschool; (ii) attended preschool for one year or less, or (iii) attended preschool for more than one year. Preschool access for persons in the sample clearly V Data and variables differed across countries, with access being greater in Argentina, Mexico and Uruguay (see table 2). 7 The performance gaps are measured using the pisa reported "plausible values," which represent the range of skills that a student may have in the various subject areas and are comparable across countries and years. The 2009 and 2012 rounds were selected for this study because information on preschool attendance was not compiled in earlier rounds. The mathematics and reading tests were chosen because the programme waves for those years were focused on these subject areas.
A comparison of the pisa test scores using the Preschool variable with no controls reveals a positive correlation between early education -and its durationand academic performance at the secondary education level in all the countries (see table 3 ). The margin by which students who had attended preschool for more than one year out-performed the group of students who did not was generally greater in Argentina, Uruguay and Peru, both in 2009 and in 2012. At the other extreme, the countries with the smallest average differentials were Chile, in 2009, and Colombia, in 2012. 7 Since the pisa tests are administered only to young people who are in secondary education and are close to the appropriate grade level, the results for the sample overestimate the actual attendance rate for the total population. may therefore be less reliable. In other words, there is a trade-off between the two objectives, and the control variables therefore need to be chosen carefully in order to end up with a small but highly informative set. Given this limitation, no direct reference to a causal effect of preschool education can be made. In order to be as sure as possible that the results have not been skewed by sample biases, a simulation exercise was undertaken in order to assess the significance of the size of the performance gaps. Note: The mean differences between the categories "Attendance ≤1 year" and "Did not attend" and between "Attendance > 1 year" and "Did not attend" are statistically significant at 1% in all cases; the standard errors for the estimates are shown in brackets. In view of the fact that the differentials are determined by personal and contextual factors linked both to preschool access and secondary-school performance (which are, generally speaking, beyond an individual's control), the following control factors are used in the matching process: 8, 9 • Individual characteristics: Nuclear family: this variable (denoted as 1 if the student lives with both parents and 0 otherwise) may be related to cognitive achievements (Calero and others, 2007; Krüger, 2013) and non-cognitive ones (Krüger, Formichella and Lekuona, 2015) . In a number of countries, there was a greater likelihood of preschool attendance for students from nuclear families. 10 In order to control for the families' socioeconomic level, the pisa index for economic, social and cultural status is used. This index synthesizes information on three main aspects of the household: the highest level of education attained by both parents; the highest occupational ranking; and access to wealth and to cultural and educational assets (oecd, 2012) . All these factors are significantly related to prospects for scholastic success (Krüger, 2013) , and they also appear to be significant determinants of access to early education and continued preschool attendance.
DOES THE CONTRIBUTION MADE BY EARLY EDUCATION TO LATER
• School characteristics: Public school: students attending private schools generally perform better on standardized tests. It is not clear, however, that their stronger performance is specifically attributable to the type of school management; in fact, 8 While gender is often regarded as a possible determinant of academic achievement, it has been omitted here because prior estimates indicate that it is not an explanatory variable for preschool access. 9 The description is available upon request. 10 The database includes observations with missing data which, in the case of the controls that were used here, tend to predominate in the nuclear family variable. However, when a number of simulations were run with and without this variable, the results were statistically equivalent. Full information on these simulations may be obtained from the authors.
it seems more likely that test performance is associated with the types of student populations in these two kinds of educational establishments (Formichella and Krüger, 2013) . This variable is included to represent a wide range of school-and family-related factors that could influence students' performance and could also have had a significant impact on their earlier educational path.
Urban location: access to preschool is usually associated with a person's area of residence, as can be observed from an analysis of the pisa sample. This is also a proxy for the availability of physical and human resources, which tend to be more abundant and of better quality in urban areas.
Average score of peers: this last variable is used in an attempt to capture qualitative differences between schools. Given the possibility that families that decide -or are able-to send their children to preschool may then be able to send them to better secondary schools, it is necessary to control for this factor in order to avoid erroneously attributing this effect to preschool attendance. The quality of the school attended by a given student is approximated by computing the average score on the pisa mathematics or reading test obtained by that student's classmates. This score ought to reflect both the influence exerted by classmates' academic level and the correlation between the school's practices and resources and the student's own test performance. Given the methodology used, this variable is expressed in quintiles.
There are two drawbacks associated with the use of this database. First, no information is available on the type of preschool or primary school that was attended. Second, there is a selection problem in that students (whether they attended preschool or not) who dropped out before reaching 15 years of age, or who are in a grade below seventh grade, are excluded from the sample. If preschool attendance also influences the progress or completion of a student's education, then the assessment of pisa score differentials will be underestimating the total effect on academic attainment, and this point needs to be stated explicitly.
VI
Findings
This analysis of the pisa sample indicates that 15-yearolds in the region have had differentiated access to early education as a function of socioeconomic status (with the assumption that their socioeconomic level is similar to what it was during their early childhood). Those who attended preschool for one year or more are more likely to belong to a family in a high-status socioeconomic group, followed by those who attended for one year or less. In addition, preschool attendance and the duration of that attendance are positively associated with residence in an urban area and with attendance at a private school, or a better-quality school, as reflected by the average score of students' classmates.
These influences are reflected in a reduction in the size of the common support and in an increase in the explained component of the performance gap (∆ x ) as more and more matching variables are added. The analysis of the individual effect of each control shows that average peer scores explain more than 50% of the gap, with this impact being stronger in 2012; the inclusion of the families' socioeconomic level (sel) explains more than 30%. The public/private school variable alone appears to explain between 15% and 30% of the gap except in Mexico. Location is a significant factor in Peru, Colombia and Mexico but is less influential in the rest of the region. Finally, family structure is the least influential factor, accounting for less than 10% of the initial difference in most cases, although it had a considerably greater impact in 2012 than it did in 2009. 11 The coefficients of greatest interest are the gross performance gap (∆, equation (1)) and the unexplained portion (∆ 0 , equation (7)) (see tables 4 and 5). A reading of the estimates in each area involves two components: the first reflects the gross score gap -the average difference between groups-while the second includes the controls, which start with location and then incorporate the other factors one by one. The average performance gap between students who had attended preschool for less than one year and those who had not is 9.9% for 2009 and 7.8% for 2012, with the unexplained difference amounting to 3.5% and 2.3%, respectively (coefficient "+mean peer score" in tables 4 and 5, second-to-last row).
The estimated gross performance gaps are noteworthy in all the countries: on average, students who had attended preschool out-performed those who had not done so on the pisa tests by between 4% and 26%, depending on the year, country and number of years of preschool attendance (greater exposure to educational experiences). The longer the student was exposed to early education, the greater the gap.
After controlling for all the various family and school characteristics, the unexplained portions of the gaps continue to be positive and, in many cases, substantial. Taking all seven countries as a group, the largest gap between those who attended more than one year of preschool and those who did not was in reading (4.2%) 11 These calculations may be obtained from the authors. in 2009, while the smallest gap between the results for those two groups was in mathematics (1.9%) in 2012. At the individual level, these gaps (∆ 0 , equation (7)) range between 0.1% and 11% of the scores, with students who had attended preschool achieving the higher score in each case.
The portion of the gross gap that remains unexplained after all the controls have been applied (∆ 0 /∆) averages 30%. The percentage is smaller for preschool attendance lasting more than one year, which indicates that the socioeconomic factors that have been considered are more significant determinants of access when the amount of time spent in school exceeds the mandatory period of attendance.
Substantial differences are found between countries in terms of both the initial size of the gaps and their size after matching. An examination of the gross score differentials indicates that Argentina is generally the country in which students who had access to early education have the greatest advantage. For 2009, it is followed by Uruguay and Mexico, while Chile has the smallest performance gaps. For 2012, Uruguay and Chile have the largest gaps after Argentina, while Colombia and Brazil have the smallest. In other words, apart from Argentina, no set pattern is apparent when comparing the various countries' gross performance differentials.
The net gap, i.e., the portion of the gap that remains unexplained after all the control variables have been applied, is the largest in Argentina and Uruguay for both periods. For example, 10.6% of the score gap in reading in Argentina in 2012 between those who attended preschool for over a year and those who did not must be accounted for by other factors. This difference of approximately 36 points is certainly significant, since it represents 9% of the average score of all pisa participants in the country and is equivalent to nearly one half of its standard deviation.
At the other extreme, Chile, Colombia and, in some cases, Peru display the smallest differentials. For example, for 2009, Chile had the narrowest gap (1.6%) in mathematics between the scores of students who had attended preschool for one year or less and those of other students. This amounts to some six points, or approximately 1.5% of the average score of students in that country on the mathematics tests. These differences in the unexplained portions of these gaps point to the existence of heterogeneous unobservable effects that are resulting in differing sizes of final performance gaps in terms of future cognitive results.
As for the extent of exposure to "treatment" (one year or less as compared to more than one year in early Note: The differences in the gross and net gaps across countries are statistically significant at 1% in all cases when using bootstrapping with 200 replications. Both for the gross gap (∆, equation (1)) and for the final ∆ 0 (the net gap after applying all the controls, equation (7) Note: The differences in the gross and net gaps across countries are statistically significant at 1% in all cases when using bootstrapping with 200 replications. Both for the gross gap (∆, equation (1)) and for the final ∆ 0 (the net gap after applying all the controls, equation (7)), the standard error for the gap is shown in brackets. N indicates the size of the sample; the percentage of observations lost when all the controls are included is shown in brackets. sel stands for the socioeconomic level of the household. education), the results are as expected: the gross gaps were wider when the period of preschool attendance was longer. This could be due both to the direct effect of having been in preschool for a longer period and to the impact of the socioeconomic factors that influence both the duration of attendance in early education and performance on the pisa tests.
With the exceptions of Colombia and Chile, this ratio remains in evidence after controlling for the influence of these factors, as may be seen from the evaluation of the countries' net performance gaps (∆ 0 , equation (7)). For example, in the case of the 2012 round, taking the entire sample into consideration, students who had attended preschool for more than one year scored, on average, 3.3% higher on the mathematics examination than those who had not, while students who had attended preschool for one year or less out-performed the latter group by 1.9%. This lends strength to the argument that not only access to early education, but also the duration of preschool attendance, is important and that school entry at younger ages should therefore be encouraged.
An examination of how the results for the two pisa rounds compare indicates that, with some exceptions, both the gross and net gaps have narrowed. This could be evidence of the fact that the increase in early education programmes seen since the late 1990s in the region (the period of time during which these cohorts were of preschool age) has helped to reduce inequalities in access. On the other hand, it could be that attendance in early education is simply having less of an impact on academic performance. In any event, since the amount of time between the two rounds was fairly short, at this point it would be ill-advised to advance hypotheses leading in either of these two directions.
Finally, a comparison of the explained and unexplained portions of the performance gaps found in the two pisa domains of interest here suggests that the effect of preschool attendance and of its associated factors is generally greater in the area of reading than it is in mathematics. This finding points to the importance of interaction with persons of the same age in the development of language skills during these stages of life.
VII
Conclusions
The situation in Latin America with respect to early education coverage and to progress in expanding that coverage in recent decades has been highly variable. A political and academic consensus on the subject has led countries to sign international agreements that have translated into a series of policies designed to open up access to early education. As a result, attendance at this level has become compulsory in most of the countries of the region since the late 1990s, and school attendance rates among younger children have therefore been on the rise.
Nevertheless, many disadvantaged children who reside in rural areas and/or come from families with a low socioeconomic level still do not have access to early education. Addressing these inequalities in access is a priority for any policy designed to attain greater equity, even though differences in access have been slowly narrowing. The analysis presented here suggests that initial estimated score differentials diminish when other selected attributes are included in the assessment. However, not all of the considered factors seem to have the same explanatory power, as the households' socioeconomic level and secondary-school quality reduce the unexplained portion of the gap more than family structure or area of residence do.
In response to the scarcity of empirical research on this subject in the region, the analysis presented here provides evidence regarding the influence exerted by early education on later academic achievement. The chief conclusion to be drawn is that, even when controlling for fundamental contextual variables, in many cases the unexplained component of these performance gaps amounts to a sizeable percentage of the total gap and therefore represents a significant score differential. This analysis cannot be described as a causational study because students were not randomly assigned to a treatment group (preschool attendance) or a control group (no preschool attendance), which would have ensured that the estimates were bias-free. This type of exercise is very expensive to conduct, and there have been no earlier initiatives that could pave the way for such an effort. Be that as it may, the controls used in this matching exercise reduced the effect of observables and unobservables that would have skewed the results. The main attributes that could condition early education access and that, judging from the specialized literature, have an impact on academic performance at the secondaryschool level have been taken into account. It should also be pointed out that, assuming that members of the more vulnerable sectors of the population are less likely to have access to early education and more likely to drop out of school, the results underestimate the size of the effect; in other words, they provide a clear indication of the type of effect but demarcate no more than the lower limit of its actual magnitude.
The findings of this study have obvious policy implications. First of all, they lend support to the argument for universalizing early education in the region and for monitoring differences in quality, especially regarding vulnerable sectors of the population. In view of the instrumental value of early education which has been analysed here, as well as its intrinsic value, it is important to pursue efforts to include children in the more vulnerable sectors of the population in the early education system and, once they have entered it, to promote their continued participation in the education system. Second, the differences in score gaps across countries suggest that the role played by other factors (institutional arrangements, characteristics of education markets and budget allocations) should also be analysed. The effect of preschool attendance becomes more diluted in some systems than in others as students go on to primary and then secondary school, perhaps because of major differences in the quality of the programmes offered by public and private schools. This points to the need for greater emphasis on improving, standardizing and assessing the various educational programmes on offer at this level. Finally, it was found that not only is preschool attendance important, but the duration of such attendance is influential as well. This finding is in line with the results obtained by Barnett (1995) and Reynolds (1995) and provides support for those who are calling for greater efforts and more effective policies aimed at expanding the coverage of education for children at a very young age.
In conclusion, the commitments made by the Latin American countries in this connection notwithstanding, major challenges remain to be met in order to close the gap between the aspirations embodied in recent legislation and the actual results on the ground.
